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© Particle filter for cleaning exhaust gas from internal combustion engii 

© Particle filter for cleaning exhaust gas from internal 
combustion engines, comprising a filter element (10) with 
inlet and outlet passages (11) extending in parallel and 
separated by porous walls. The passages are arranged 
substantially vertically with the inlet passages opening 
downwards, and an electric heater (20,21) is arranged below 
the filter element 
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PARTICLE FILTER FOR CLEANING EXHAUST GAS FROM 
INTERNAL COMBUSTION ENGINES 

The present invention relates to a particle filter 
5 for cleaning exhaust gas from internal combustion 
engines. 

The particle content of the exhaust gas from 
internal . combustion engines, primarily Diesel engines, 
usually comprises coal particles (soot) originating from 

10 imperfect combustion of hydrocarbon fuels at specific 
operating conditions of the engine. For environmental 
considerations these particles should be separated from 
the exhaust gas before the exhaust gas is allowed to 
escape to the atmosphere. At the separation of the- 

15 particles in the filter, the particles are deposited 

on the primary side of the filter and form a coating which 
increases the pressure drop over the filter if it is not • 
removed. However, the- coating will disappear if the 
exhaust gas passing through the filter is at sufficient 

20 temperature so as to burn off the coating', i.e. at a 
temperature of at least 650 to 700°C, and the oxygen 
content of the exhaust gas passing through ranges from 
8 to 10 % by volume. 

The temperature of the exhaust gas from. an internal 

25 combustion engine is dependent on the rpm and the load 
of the engine. At cold start, the exhaust gas is 
practically at the temperature of the surroundings. At 
idling, the temperature of the exhaust gas ranges from 
100 to 180°C, depending on the size of the engine, and 

30 at load, the temperature may rise to 200 to 650°C. How- 
ever, orily at a high load and a high rpm of the engine, 
there is reached such temperature of the exhaust gas that 
the conditions allow the particle coating in the filter 
to be burnt off, i.e. that the filter will be regenerated 

35 without specific measures. 
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However, the operating conditions of many internal 
combustion engines in vehicles, working machines, and 
stationary plants are such that the exhaust gas tempera- 
ture necessary for regeneration of the filter will not 
be reached at least not sufficiently often for the 
pressure drop over the filter being kept within accept- 
able limits. This is true particularly for intermittently 
operating Diesel engines. 

In such cases wherein the exhaust gas from the 
internal combustion engine is not at sufficient tempera- 
ture so as to regenerate the filter due to the operating 
conditions of the engine, it has been proposed to increase 
the temperature of the exhaust gas by supplying energy 
from outside. Thus, the Swedish patent application 
8008527-7 describes a device for regenerating an exhaust 
gas filter wherein a liquid or gaseous fuel is burnt 
intermittently catalytically in the exhaust gas flow from 
the internal combustion engine. Such a device requires an 
extensive control system in order to operate satisfac- 
torily and to meet the specific safety requirements which 
may apply to the vehicle, machine, or plant in full whereii 
the internal combustion engine is used. To obtain the 
temperature rise by such combustion in the exhaust gas 
system may be a conceivable alternative to operation of 
the internal combustion engine temporarily at a high rpm 
in order to increase the exhaust gas temperature, but for 
practical or economical reasons such supplementary equip- 
ment in many cases may be considered an unrealistic solu- 
tion of the problem. 

The purpose of the invention is to provide regenera- 
tion of a particle filter in a constructively and func- 
tionally simple manner for cleaning the exhaust gas from 
internal combustion engines by the supply of energy from 
the outside while obtaining great safety and without 
using extensive control equipment. The particle filter 
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of the invention comprises in a known manner a filter 
element with inlet and outlet passages extending in 
parallel and separated by porous walls. According to 
the invention, a particle filter of this kind has 
5 obtained, for the purpose mentioned, the characteristics 
appearing from the claim. 

This particle filter can be regenerated by the 
exhaust gas passing through in the usual manner when 
the exhaust gas is at sufficient temperature to burn 

10 an. existing coating in the filter. However, when the 
temperature of the exhaust gas is not sufficient, the 
regeneration is effected by electric heating of the 
filter, which can take place at no other gas flow than 
that obtained by "chimney effect" in the passages of 

15 the filter element. This provides two advantages, viz. 
low energy consumption and low risk of overheating of 
the filter with accompanying risk of heat shock or 
strain. 

In order to explain the invention in more detail 
20 an embodiment thereof will be described with reference 
to th.e accompanying drawings in wh-ich 

FIG. 1 is an axial sectional view of a particle 
filter according to the invention, 
FIG. 2 is a cross-sectional view of the particle 
25 filter, and 

FIG. 3 is a side view of the particle filter as 
seen from the inlet or primary side thereof. 
The particle filter shown in the drawings comprises 
a monolithic porous filter .element 10 of ceramic material. 
30 This filter element can be of the brand CELLOR from 

Corning, USA, and comprises a number of passages 11 exr 
tending 1n parallel and having square cross-sectional 
form, which extend between opposite surfaces of the 
filter element but are plugged at 12 al ternatlngly at 
35 one end and the other. The filter element is disposed 
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with the passages 11 substantially vertical and is 
embedded into refractory cement 13 or a similar material 
which is surrounded by a heat-insulating layer 14. Below 
the filter element there is provided a compartment 15 
5 which is an inlet compartment, and above the filter 

element there is provided a. compartment 16 which is an 
outlet compartment. The inlet compartment is provided 
with an inlet socket 17 of metal sheet while the outlet 
compartment has an outlet socket 18 also of metal sheet, 

10 and the filter element 10 with the embedment 13 and the 
insulation 14 is enclosed into a metal sheet casing 19 
to which the sockets 17 and 18 preferably are secured. 
Thus, there is no metallic connection between' the 
filter element proper and the casing 19. 

15 In the inlet compartment 15 which is the primary 

•side of the filter, a heater is provided, and in the 
drawings, two different al ternative embodiments of this 
heater are shown. The heater can comprise a glow wire 
20 mounted close to the lower side of the filter element 

20 10, or a helical heater 21 of the type consisting of a 
m.etat tube which is filled e.g. with magnesia and 
receives a glow wire embedded therein. The heater is 
constructed for connection to the electric mains or 
other external power source for heating the filter 

25 element 10. 

The particle filter described should be connected 
at the inlet socket 17 to the exhaust gas system of an 
internal combustion engine e.g. a Diesel engine, for the 
supply of exhaust gas with particles entrained therein, 

30 through the inlet socket 17 to the inlet compartment 15. 
When the engine is operating, the heater 20 or 21, 
respectively, is disconnected and the exhaust gas passes 
into the passages 11 of the filter element 10, which are 
open at the bottom, to pass through the porous partition 

35 walls between the passages into the passages 11 which are 
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open at the top. When the exhaust gas passes through 
the porous walls, solid particles present in the exhaust 
gas, are deposited onto the surface of the porous walls 
at the primary side of the filter element 11, i.e. in 
5 the passages open at the bottom, so that cleaned exhaust 
gas will enter the outlet compartment 16 to escape to 
the atmosphere through the outl et' socket 18; The solid 
particles caught at the primary side of the filter 
element 10 will be burnt if the exhaust gas is at a 

10 sufficiently high temperature, i.e. a temperature of at 
least 650 to.700°C, and also provided that there is a 
sufficient rest of oxygen in the exhaust gas to make 
possible that the particles are burnt. As mentioned 
above, the exhaust gas will not under specific operat- 

15 ing conditions of the internal combustion engine reach 
the required ignition temperature. In that case, there 
will be no continuous regeneration of the filter; 
eventually, a coating of solid particles and primarily 
soot particles will build up at the primary side of the 

20 filter element 10. 

By means of the heater 20 or 21 the filter 10 in 
that case is, heated by means of energy supplied from 
the outside in order to burn off the coating. An 
additional air inlet 22 is provided on the inlet socket 

25 17 for the supply of air from the outside such that there 
is obtained in the filter an oxygen content of 8 to 10 % 
by volume. The inlet 22 can be controlled e.g. by means 
of a solenoid valve. Due to the fact that the heater is 
mounted below the filter element there is obtained a 

30 natural and advantageous heat distribution through the 
filter at the regeneration effected by electric heating 
of the filter element, the heating of the filter element 
being effected rapidly and uniformly, because no heat is 
lead off from the filter element by the manner in which 

35 said element is mounted, no cold regions being formed in 
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the filter element or the immediate surroundings thereof. 

The filter element 10 roust be dimensioned with due 
consideration of the exhaust gas flow rate and also the 
regeneration intervals which can be applied in practice, 
and in this connection the heat effect of the heater has 
to be adapted to the size of the filter. The heater 
should be provided with an overheating protection device 
the operation of which is based on leakage current 
measurement. 

Thus, it will be seen that the particle filter 
described can be regenerated during operation when the 
exhaust gas passing through is at a sufficiently high 
temperature, as well as during stoppage by electric 
heating of the filter element. 

When the particle filter is used in a vehicle, 
the heater can be supplied from ah electric power 
source in the vehicle. This power source can comprise 
e.g, a generator driven by the vehicle at braking. 

A particle filter of the embodiment described can 
replace the conventional muffler and/or a spark 
arrester. 

The primary side of the filter can be plated with 
a catalyst (not noble metal) for lowering the ignition 
temperature of collected coal particles forming the 
major constituent of the coating on the primary side of 
the filter element, to a temperature of about 400°C. Also 
on the secondary side, the filter element can be plated 
with a catalyst, but in this case a noble metal catalyst 
for afterburning of carbon monoxide, hydrocarbons, and 
other combustible gaseous compositions in the exhaust gas 
such that these substances are prevented from escaping 
into the surroundings, which should be prevented in view 
of environmental considerations. However, it is presumed 
that a sufficient temperature is maintained in the filter 
element and that the oxygen content of the exhaust gas is 
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sufficient for burning carbon monoxide, hydrocarbons, 
and other combustible compositions. This requirement 
can very well be met with the particle filter of the 
Invention, which thus can replace other devices for 
catalytic exhaust gas cleaning. 

.The periods when the filter element 10 is being 
heated electrically should not be limited to short 
temperature peaks;, the filter element should be main- 
tained at the elevated temperature for an extended 
period. Since there is no gas flow through the filter 
element during the regeneration, the energy consumption 
will be considerably lower than in the case of burning 
a gaseous or liquid fuel in the filter for increasing 
the temperature of the filter element. 

The embodiment of the particle filter of the 
invention described herein can be modified as to the 
construction thereof within the scope of the invention. 
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CLAIM 

Particle filter for cleaning exhaust gas from 
internal combustion engines, comprising a filter 
element (10) having passages (11) extending substantially 
vertically in parallel, some of which are connected as 
inlet passages to: an inlet compartment (15) located at 
the bottom, and others of which are connected as outlet 
passages to an outlet compartment (16) located at the 
top, the inlet and outlet passages being separated by 
porous walls, and an electric heater (20, 21) arranged 
in the inlet compartment below the filter element for 
regenerating the filter, characterized in 
that the filter element (10), for regeneration of the 
filter during stoppage of the engine, is enclosed by a 
heat-resistant and heat-insulating material (13, 14) and 
has at the inlet side a catalyst for lowering the 
combustion temperature of separated soot particles, and 
at the outlet side a catalyst for catalytic combustion 
of gaseous components of the exhaust gas, an air inlet 
(22) also being provided at the inlet side of the filter 
element (10). 
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